A new linderone A, namely 2-cinnamoyl-3-hydroxy-4, 5-dimethoxycyclopenta-2, 4-dienone (5), together with three known flavonoids (1-3) and one linderone (4), were isolated from the bark of Lindera oxyphylla. Extensive spectroscopic analysis including 1D and 2D-NMR spectra determined their sturctures. In addition, the antioxidant activity of all the compounds has been determined using 2, 2-diphenyl-1-picrylhydrazyl radical scavenging (DPPH), ferric reducing antioxidant power (FRAP) and ferrous ion chelating (FIC) methods. Compound 3 showed excellent DPPH scavenging activity with IC 50 % value of 8.5 ± 0.004% ( g/mL) which is comparable with vitamin C. This compound, also showed an absorbance value of 1.00 ± 0.06% through FRAP test when compared with Butyl Hydroxy Aniline (BHA). However, FIC showed low activity for all the isolated compounds (chelating activity less than 50%) in comparison with ethylene diamine tetra acetic acid (EDTA). Anticancer activity for all compounds has also been measured on A375 human melanoma, HT-29 colon adenocarcinoma, MCF-7 human breast adenocarcinoma cells, WRL-68 normal hepatic cells, A549 non-small cell lung cancer cells and PC-3 prostate adenocarcinoma cell line. Compound 1 showed A549=65.03%, PC-3=30.12%, MCF-7=47.67, compound 2 showed PC-3=90.13%, compound 3 showed MCF-7=79.57 and for compound 5 MCF-7 is 96.33.
INTRODUCTION
In the temperate regions of Asia and the Midwest of United States the plants of genus Lindera (Lauraceae) are mainly distributed in tropical, subtropical regions. The plant has around 100 species. The Chinese traditionally used to treat stomach, urinary system diseases and rheumatic pain with this plant [1] . Lindera oxyphylla belongs to a Lindera genus which contains more flavonoids and linderone [2, 3] . It is reported that Flavonoids exhibit multiple biological effects such as antiviral [4] , antibacterial [5] , antiinflammatory [6, 7] , vasodilator [8] , anticancer [9] , antiischemic [10] [11] [12] and antioxidant properties [13] . Sesquiterpenoids [14] , alkaloids [15] , lignans [16] , anolides [17] and unique cyclopentenedione derivatives have already been coveredin previous chemical investigations on Lindera species. Pharmacological studies on this plant have revealed various bioactivities such as antioxidation [18] , protection against post-ischemic myocardial dysfunction, antiviral (SARS associated coronavirus) activity, cytotoxicity and slowing the progression of diabetic nephropathy in db/db mice [19] .
To our knowledge, no information is available on the antioxidant and antibacterial properties of the extract of Lindera oxyphylla. A phytochemical study was successfully performed on the barks of Malaysian Lauraceae, and Lindera oxyphylla, and isolated compounds 1-5 ( Fig. 1) , with three flavonoids (1-3) and two linderones (4, 5) compounds. Amongst all, compound 5 with namely 2-cinnamoyl-3-hydroxy-4, 5-dimethoxycyclopenta-2, 4-dienone has been reported here for the first time. No other structure with this skeleton has been reported to date. This paper presented the results of the antioxidant activities using DPPH, FRAP, FIC, as well as anticancer activities using A549, A375, WRL-68, PC-3, HT-29, and MCF-7.
RESULT AND DISCUSSION

Identification of Compounds (1-5)
Compounds of 1 to 4 had been identified at past researches. In the HMBC spectrum the cross-peak was observed between H-2 , 6 /C-4 , C-, H-/C-, C-1 , H-/C-, C-2',6', H-3 ,5 /C-4 , H-4OMe/C-5-OMe and H-5OMe/C-4-OMe (Fig. 2) .
Compound 5, which is reported in this study for the first time, is the enol form of compound 4. The isolation of compound 5 from DCM and compound 4 from N-hexane occurred due to the polarity difference between these two compounds. In addition, the NMR profiles of these two compounds have shown different chemicals shifts. The 1 H NMR spectrum of compound 5 can be quoted as example, indicating the presence of , protons which are not detectable in the 1 HNMR spectrum of compound 4. Moreover, in 13 CNMR spectrum of compound 5, carbon nos. 4 and 5 appeared to be identical, whereas in 13 CNMR profile of compound 4, these two carbons appeared at different positions c 144 and c 148 respectively due to the lack of symmetry ( Table 1) .
Free Radical Scavenging Activity
The free radical scavenging test using the stable DPPH radical is a commonly used method to evaluate antioxidant activities, because it takes relatively short time as compared to other methods. The effect of antioxidants on DPPH radical was thought to be due to their hydrogen donating ability. In order to become a stable diamagnetic molecule a DPPH radical can accept an electron or hydrogen radical. The reduction of DPPH radicals can be monitored by the decrease in its absorbance at 517 nm and it is also visually noticeable when the color changes from purple to yellow. An IC 50 value shows the required concentration of the sample to scavenge 50% of the free radicals present in the system or to inhibit 50% of lipid peroxidation.
In Fig. (3) , the highest activity was observed for compound (3) when its chalcone derivatives along with hydroxyl group as acting as electron donor reduced the DPPH radicals. At the concentration of 200 g/mL, the DPPH radical inhibition of the compounds (1 -5) decreased in the following order: 3 (IC 50 value 8.50) >2 (41.32%) >1 (78.9%) >5 (149.45%) > 4 (IC 50 157.58%). Ascorbic acid (Vitamin C), a well-known antioxidant which is used as a positive control showed 95% inhibition on DPPH radical at a concentration of 200 g/mL with IC 50 value 4.62 ± 0.01.
Ferric Reducing-Antioxidant Power
Generally induced by transition metal ions like Fe (III) in the presence of dissolved oxygen, gives rise to oxidative damage to lipids, and can be demonstrated by the following reactions [24] . Due to the reducing properties ferric ion is often used as an indicator of electron-donating activity.
In Fig. (4) , the reducing power of compound 3 exhibited the highest absorbance rate and correlated with DPPH activity. The FRAP activity of the compounds 1-5 was as follows: 3 (1.00 ± 0.006%) >2 (0.7 ± 0. 02%) >1 (0.6 ± 0. 01%) >4 (0.59 ± 0. 03%) >5 (0.56 ± 0. 02%). The high absorbance of compound 3 supports the evidence that chalcone derivatives have the highest reducing power activity as compared to flavone derivative 2 described in [25] .
Metal Chelating
Ferrozine can quantitatively form complexes with Fe 2+ . In the presence of chelating agents, the complex formation is disrupted and as a result the red color of the complex faded. Measuring the discoloration helps to estimate the chelating activity of the coexisting chelator. Iron can stimulate lipid peroxidation by the Fenton reaction, and also accelerates peroxidation by decomposing lipid hydroperoxides into peroxyl and alkyl radicals, which removes hydrogen and perpetuates the chain reaction of lipid peroxidation [26] .
EDTA was considered as a standard due to its strong metal chelator. The results in Fig. (5) showed that compound 3 gave a better inhibiting effect with 33% of inhibition at a concentration of 1mg/mL, followed by 2 (26.11%), 1 (25.69%), 5 (13.51%) and 4 (13.09%), respectively. These results indicated that the compound 3 showed moderate metal chelating activity. The presence of the hydroxyl group in 3 could be the possible explanation for its low antioxidant activity towards ferrous ions. 
Cytotoxicity Assay
Cell Culture
The cells used in this study were obtained from American Type Cell Collection (ATCC) and maintained at a temperature of 37 o C in an incubator with 5% CO 2 saturation. A375 human melanoma, HT-29 colon adenocarcinoma, MCF-7 human breast adenocarcinoma cells and WRL-68 normal hepatic cells were maintained in Dulbecco's modified Eagle's medium (DMEM). Whereas A549 non-small cell lung cancer cells and PC-3 prostate adenocarcinoma cell line were maintained in RPMI medium. Both mediums were supplemented with 10% fetus calf serum (FCS), 100 units/mL penicillin, and 0.1 mg/mL streptomycin [27] .
Cellular Viability
Different cell types from above mentioned were used to determine the inhibitory effect of 6B=3, C3=5, D1=1, 34=4 and 44D=2 on cell growth using the MTT assay. Briefly, Fig. (3) . Scavenging activity of the isolated compounds of Lindera oxyphylla. cells were seeded at a density of 1 x 10 5 cells/mL in a 96-well plate, and incubated for 24 hours at 37 o C, 5% CO 2 . The next day, cells were treated with the compounds and incubated for another 24 hours. After 24 hours, MTT solution at 2 mg/mL was added. Absorbance at 570 nm was measured and recorded using Plate Chameleon V microplate reader (Hidex, Turku, Finland). Results were expressed in a percentage of control which helps to calculate the percentage of cell viability after 24 hours exposure to test agent. The potency of cell growth inhibition for each test agent was expressed as an EC 50 value, defined as the concentration that caused a 50% loss of cell growth. Viability was defined as the ratio (expressed as a percentage) of absorbance of treated cells to untreated cells ( Table 2 ). A375 >100 >100 >100 >100 >100
WRL-68 >100 >100 >100 >100 >100
PC-3 >100 >100 >100 >100 >100
HT-29 >100 >100 >100 >100 >100
MCF-7 79.57 96.33 47.67 >100 >100
Statistical Analysis
Each experiment was performed at least twice. Results are expressed as the means value ± standard deviation (SD). Log EC 50 calculations were performed using the built-in algorithms for dose-response curves with variable slope using Graphpad Prism software (version 4.0; GraphPad Software Inc.; San Diego, CA). A fixed maximum value of the dose-response curve was set to obtain the maximum value for each drug.
In summary, three flavonoids (1-3) and two linderone (4) (5) were isolated from the barks of Lindera oxyphylla. The structures of all the compounds were identified by 1D and 2D. Compound 5 is reported for the first time. Moreover, among all the tested compounds, compound 3 could effectively scavenge the stable free radical of DPPH. Compound 3 showed excellent DPPH scavenging activity with an IC 50 % value of 8.5 ± 0.004% ( g/mL) which is comparable with vitamine C. The antioxidant and the free radical scavenging experiments showed similar structure-activity relationships. The antioxidant effects and free radical scavenging activities of compound 3 seem to be closely related. These results indicate that free radicals might play an important role in pain process and showed the possibility of developing novel antioxidant agents using free radical scavenger. However, the high antioxidant capacity of this plant suggests that it may play a role in preventing human diseases involving free radicals are involved, such as cancer, ageing, and cardiovascular diseases.
EXPERIMENTAL
General
The 1 H-NMR and 13 C-NMR spectra were recorded in deuterated Chloroform on a JEOL 400 MHz (unless stated otherwise) instrument and the coupling constants are given in Hz. LC-MS were obtained on an Agilent Technologies 6530 Accurate-Mass Q-TOF LC-MS. The ultraviolet spectra were obtained in MeOH on a Shimadzu UV-310 ultravioletvisible spectrometer. The Fourier Transform Infrared (FT IR) spectra were obtained with CHCl 3 (NaCl window technique) on a Perkin Elmer 2000 instrument. Silica gel 60, 70-230 mesh ASTM (Merck 7734) was used for column chromatography. TLC Aluminum sheets and PTLC (20 20 cm Silica gel 60 F 254 ) were used in the TLC analysis. The TLC and PTLC spots were visualized under UV light (254 and 366 nm). All solvents, except those used for bulk extraction are AR grade.
Plant Materials
Lindera oxyphylla (Lauraceae) from Herbarium Specimen Numbers (KL 5359) was collected from Hutan Simpan Ulu Muda, Baling, Kedah is deposited at the Herbarium of the Department of Chemistry, University of Malaya and Kuala Lumpur, Malaysia and at the Herbarium of the Forest Research Institute, Kepong, Malaysia.
Extraction and Isolation
The dried bark (3.0 kg) of Lindera oxyphylla was grounded and extracted exhaustively with hexane (10.0 L) for 72 hours at room temperature. It becomes in a crude form after evaporation (13.0 g) which was then subjected to column chromatography over silica gel (column dimension=2cm, length= 75 cm, silica gel 60, 70-230 mesh ASTM; Merck 7734) using hexane gradually enriched with CH 2 Cl 2 (1% to 80% CH 2 Cl 2 ; volumes of eluent; 450 mL were used for each percentage). Preparative TLC of the isolated fractions with n-Hexane-Dichloromethane (70-30) afforded compound 1 (5 mg=0.0003%) and compound 4 (1g=7.69%). The residual plant material was dried and left for 4 hours after moistening with 10% NH 4 OH. It was then macerated with CH 2 Cl 2 (12.00 l) for 4 days. After filtration, and evaporation of the solvent, it becomes a crude form (1 g), which was then subjected to exhaustive column chromatography over silica gel (column dimension= 2cm, length= 75cm, silica gel 60, 70-230 mesh ASTM; Merck 7734) using CH 2 Cl 2 gradually enriched with methanol (1% to 80% MeOH; volumes of eluent; 450 mL were used for each percentage) to afford compound 3 (5 mg=0.005%), and Linderone 5 (10 mg=0.08%), (PTLC Merck KGaA silica gel 60 F 254 ; C 6 H 14 -CH 2 Cl 2 ; 20:80). The above procedure was repeated using methanol as solvent and obtained crude form was subjected to column chromatography (column dimension=2 cm, length=75 cm, silica gel 60, 70-230 mesh ASTM; Merck 7734) using CH 2 Cl 2 gradually enriched with methanol (1% until 80% MeOH; volumes of eluent: 450 mL were used for each percentage) and afforded compound 2 (0.5 mg=0.00005%).
Free Radical Scavenging Activity
The free radical scavenging activity was evaluated using DPPH as described by Lena Galvez [28] . In 1.25 ml of 60 M DPPH in methanol, 250 L of each (31.25, 62.5, 125, 250, 500, 1000 g/mL) sample was added, and the decrease in the absorbance was monitored after 1 min. The mixture was then maintained at room temperature for 30 mins in the dark, and its absorbance was read at 517 nm. The absorbance of a control in the dark was read at 517 nm. The absorbance of a control wavelength was A517 control. Lower absorbance of the reaction mixture indicated higher free radical scavenging activity. The percentage of scavenging of DPPH was calculated using the following equation: DPPH Scavenging effect (%) = A0 (Control)-A1 (Sample) A0 (Control) 100
where A 0 was the absorbance of the control reaction and A 1 was the absorbance in the presence of the sample.
Antioxidant Activity by Ferric Reducing Antioxidant Power (FRAP)
Generally, different amounts of compounds (16.62-1000 μg/mL) were dissolved in 1 ml methanol [29] . Potassium phosphate buffer (0.5 mL of 0.2 M; pH 6.6) and 0.5 mL of 1% w/v potassium ferric cyanide were mixed with 0.5 mL of sample of varying dilutions. The reaction mixture was incubated at 50 o C for 20 min, after which 0.5 mL of 10% w/v tricolor acetic acid was added. The mixture was centrifuged at 3000 g for 10 min. The supernatant solution (0.5 mL) was mixed with water (0.5 mL) and 0.1 mL of 0.1% w/v FeCl 3 was reacted for 10 min. Subsequently, the absorbance was measured at 700 nm. BHA was used as a standard reference.
Antioxidant Activity by Chelating Effect on Ferrous Ions (FIC)
The chelating of ferrous ions of compounds [30] . Briefly, different concentrations of methanolic extract of compounds (125, 250, 500, 1000, g/mL) were added to a solution of 2mM FeCl 2 (0.05 mL). The reaction was initiated by adding 5 mM Ferrozine (0.2 mL) and the mixture was vigorously shaken and maintained at room temperature for 10min. When the mixture reached equilibrium, the absorbance of the solution was then measured spectrophotometrically at 562 nm. All tests and analyses were run in triplicate and averaged.
